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(57) ABSTRACT

The present invention provides an antenna device capable of
automatically obtaining excellent receiving sensitivity over
a wide band. The antenna device comprises a rod-shaped
base made of a dielectric material or a magnetic matenal; a
stripe-shape radiating conductor divided into a plurality of
radiating conductors wound around the base; and variable
capacitive elements provided to correnspond to the same
number of the radiating conductors. The radiating conduc-
tors and the variable capacitive elements are alternatively
arranged on the base and are connected 1n series to each
other, the radiating conductor having i1ts one end connected
to the vanable capacitive element serves as an opening side
and the vanable capacitive element having i1ts one end
connected to the radiating conductor serves as a signal
teeding side, and capacitance values of the variable capaci-
tive elements increase or decrease in the same direction to be
tuned to a predetermined frequency.

7 Claims, 3 Drawing Sheets
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ANTENNA DEVICE CAPABLE OF BEING
TUNED IN WIDE BAND

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an antenna device capable

of being tuned 1 a wide band of frequency.
2. Description of the Related Art

A conventional antenna device 10 will be described with
reference to FIGS. 6 and 7. A thin metallic strip type of spiral
conductor 12 1s wound around a ferrite magnetic core 14.
Connection terminals 16 and 18 are formed at ends of the
spiral conductor 12. The spiral conductor 12 1s cut to be
divided into a plurality of conductor pieces 12' and the
plurality of conductor pieces 12' 1s connected to each other
by a plurality of capacitive elements 20. As shown i FIG.
7, the antenna device 10 1s one i which the capacitive
clements 20 are physically distributed in the spiral conductor
12 to constitute a closed loop, and responds to a specific
frequency (for example, Japanese Unexamined Patent
Application Publication No. 51-83755 (FIGS. 1 and 3)).

However, according to the conventional antenna device,
since the conventional antenna device 1s resonated with a
specific frequency, the receiving sensitivity becomes low-
ered at a frequency other than the specific frequency when
being recerved over a wide band.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems, and it 1s an object of the
present invention to provide an antenna device capable of
automatically obtaining excellent receiving sensitivity over
a wide band.

In order to solve the above-mentioned problems, accord-
ing to a first aspect of the present invention, there 1s provided
an antenna device which comprises a rod-shaped base made
of a dielectric material or a magnetic material; a stripe-shape
radiating conductor divided into a plurality of radiating
conductors wound around the base; and variable capacitive
clements provided to correspond to the same number of the
radiating conductors. The radiating conductors and the vari-
able capacitive elements are alternatively arranged on the
base and are connected 1n series to each other, the radiating,
conductor having 1ts one end connected to the varnable
capacitive element serves as an opening side and the vari-
able capacitive element having 1ts one end connected to the
radiating conductor serves as a signal feeding side, and
capacitance values of the variable capacitive eclements
increase or decrease in the same direction.

According to a second aspect of the present invention, the
base has a prism shape, and the vanable capacitive elements
are provided on the same side of the base.

According to a third aspect of the present invention,
wherein the vanable capacitive element has a varactor diode,
a first electrode serving as a ground, a second electrode to
which a tuning voltage 1s applied, and a third electrode for
supplying a signal are provided on a circumierential portion
of the same side of the base, an anode of the varactor diode
1s connected to the first electrode wvia a first resistor, a
cathode of the varactor diode 1s connected to the second
electrode via a second resistor, the varactor diode has one
end of 1ts feeding side connected to the radiating conductor
while the other end of the feeding side 1s connected to the
third electrode, and the first and second resistors are pro-
vided on the same side of the base.
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According to a fourth aspect of the present mnvention, an
impedance matching circuit 1s provided between the third
clectrode and the other end of the feeding side of the
varactor diode.

According to a fifth aspect of the present invention, the
anodes and cathodes of two varactor diodes are connected 1n
common to the radiating conductor, a central point of the
radiating conductor connected 1n common to the anodes 1s
connected to the first electrode via the first resistor, and a
central point of the radiating conductor connected 1 com-
mon to the cathodes 1s connected to the second electrode via
the second resistor.

According to a six aspect of the present invention, the
impedance matching circuit has at least the capacitive ele-
ment provided on the same side of the base, and the
capacitive element 1s connected between the first and third
clectrodes.

According to a seventh aspect of the present invention, the
number of the radiating conductors 1s six.

According to the present invention, the radiating conduc-
tors and the variable capacitive elements are alternatively
arranged on the base and are connected 1n series to each
other, the radiating conductor having its one end connected
to the variable capacitive element serves as an opening side
and the vanable capacitive element having its one end
connected to the radiating conductor serves as a signal
teeding side, and capacitance values of the variable capaci-
tive elements increase or decrease in the same direction.
Therefore, the location at which the electric field becomes
the smallest 1s moved on the base by the capacitance value
of the variable capacitive element, the value of the electric
field between the location at which the electric field becomes
the smallest and the location of the releasing end becomes
the greatest at the releasing end. In addition, since the
clectric field 1s hardly generated at the locations from the
location at which the electric field becomes the smallest to
the feeding end, the antenna device performs the same
operation as a monopole antenna. In addition, 1t 1s possible
to achieve the antenna device capable of having a small size
and automatically obtaining excellent receiving sensitivity
over a wide band.

Further, according to the preset invention, the base has a
prism shape, and the vanable capacitive elements are pro-
vided on the same side of the base. Therefore, it 1s possible
to manufacture the antenna device with ease.

Further, according to the present invention, the variable
capacitive element has a varactor diode, a first electrode
serving as a ground, a second electrode to which a tuning
voltage 1s applied, and a third electrode for supplying a
signal are provided on a circumierential portion of the same
side of the base, an anode of the varactor diode 1s connected
to the first electrode via a first resistor, a cathode of the
varactor diode 1s connected to the second electrode via a
second resistor, the varactor diode has one end of 1ts feeding,
side connected to the radiating conductor while the other end
of the feeding side 1s connected to the third electrode, and
the first and second resistors are provided on the same side
of the base. Therefore, 1t 1s possible to achieve the antenna
device which can be easily connected to the circuit board
constituting the recerving circuit.

Furthermore, according to the present invention, an
impedance matching circuit 1s provided between the third
clectrode and the other end of the feeding side of the
varactor diode. Theretfore, the circuit substrate 1s simple in
structure, small 1n size and low 1n cost.

Further, according to the present invention, the anodes
and cathodes of two varactor diodes are connected 1n
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common to the radiating conductor, a central point of the
radiating conductor connected 1n common to the anodes 1s
connected to the first electrode via the first resistor, and a
central point of the radiating conductor connected 1n com-
mon to the cathodes 1s connected to the second electrode via
the second resistor. Therefore, a feeding circuit for supply-
ing the tuning voltage to the varactor diode 1s simple 1n
structure.

Further, according to the present invention, the impedance
matching circuit has at least the capacitive element provided
on the same side of the base, and the capacitive element 1s
connected between the first and third electrodes. Therefore,
the circuit substrate 1s simple 1n structure, small 1n size and
low 1n cost.

Furthermore, according to the present invention, the num-
ber of the radiating conductors 1s six. Therefore, i1t 1s
possible to achieve an antenna device which 1s suitable for

receiving the television signal of an UHF body at band of
from 470 MHz to 770 MHz.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective diagram of an antenna device of
the present invention;

FIG. 2 1s an equivalent circuit diagram of the antenna
device of the present invention;

FIG. 3 1s an electric field distribution diagram of the
antenna device of the present invention;

FI1G. 4 1s another electric field distribution diagram of the
antenna device of the present invention;

FIG. 5 1s another electric field distribution diagram of the
antenna device of the present invention;

FIG. 6 1s a perspective diagram of an antenna device of a
conventional art; and

FIG. 7 1s an equivalent circuit diagram of the antenna
device of the conventional art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an antenna device of the present mvention
will be described with reference to FIGS. 1 to 5. First, in
FIG. 1, a stripe-shaped radiating conductor 22 1s wounded
on a prism base 21 that 1s made of a dielectric material or a
magnetic material. The radiating conductor 22 1s divided
into six radiating conductors 22a to 22f. The radiating
conductor 22 and varactor diodes 23 (23a to 23f) which are
the same number as the radiating conductors 22 and serves
as a variable capacitive element are alternately arranged and
are connected in series to each other.

In other words, the radiating conductor 22a 1s connected
between the varactor diodes 23a and 235, and the radiating,
conductor 225 1s connected between the varactor diodes 2356
and 23c. This relationship 1s to be continued and thus the
varactor diode 23/ 1s finally connected between the radiating,
conductors 22¢ and 22f. However, as shown i FIG. 2, 1n
order that the adjacent varactor diodes have the polarities
opposite to each other, the radiating conductor 22a 1s con-
nected between anodes of the varactor diodes 23a and 235
located at a feeding end side, the radiating conductor 225 1s
connected between cathodes of the varactor diodes 235 and
23¢, the radiating conductor 22c¢ 1s connected between
anodes of the varactor diodes 23¢ and 234, the radiating
conductor 224 1s connected between cathodes of the varactor
diodes 23d and 23e, and the radiating conductor 22e¢ 1is
connected between anodes of the varactor diodes 23e¢ and
23/. In addition, the radiating conductor 22f connected to the
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cathode of the varactor diode 23/ serves as a releasing end.
In addition, the varactor diode 23 1s provided on one side of
the base 21.

In addition, on the one side of the base 21, a first electrode
24 (24a to 24c¢) for connecting the anode of the varactor
diode 23 to a ground 1s formed and a second electrode 25
(25a to 235d) for applying a tuning voltage to the cathode of
the varactor diode 23 1s formed. In addition, substantially
central portions of the radiating conductors 22a, 22¢, and
22¢ are connected to the first electrodes 24a, 245, and 24c
via a resistor 26 (26a, 26b, and 26c¢), respectively. In
addition, the cathode of the varactor diode 23a and substan-
tially central portions of the radiating conductors 225, 22d,
and 22f are connected to the second electrodes 25a, 255,
25¢, and 23d via a resistor 27 (27a, 27b, 27c, and 27d),
respectively. The resistors 26 and 27 also are provided on the
same side of the base 21.

In addition, on the one side of the base 21, a third
clectrode 28 for supplying a signal and a first electrode 244
serving as a ground are formed. In addition, the cathode of
the varactor diode 23a located at the feeding end side 1s
connected to the third electrode 28 via an impedance match-
ing circuit 30. The impedance matching circuit 30 1s com-
posed of an inductive element 30a which 1s connected
between the cathode of the varactor diode 23a and the third
clectrode 28 and a capacitive element 305 which 1s con-
nected between the third electrode 28 and the first electrode
24d. In addition, the inductive element 30a and the capaci-
tive element 3056 are provided on the same side of the base
21. In addition, the inductive element 30a 1s not always
necessary. In other words, when the inductive element 1s not
provided, the cathode of the varactor diode located at the
feeding end side may be directly connected to the third
clectrode 28.

The antenna device having the above-mentioned structure
1s provided on a circuit board (not shown) 1n a cellular phone
constructed such that the cellular phone can receive terres-
trial digital broadcasting (the maximum broadcasting band 1s
in a range of from 470 to 770 MHz). In addition, the third
clectrode 28 1s connected to a receiving circuit of the circuit
board, all of the first electrodes 24 are connected to a ground
portion of the circuit board, and a tuning voltage 1s supplied
to the second electrode 25 from the circuit board side. In this
case, the second electrode 25 (254 to 25d) may be connected
to each other at the circuit board side and may be directly
supplied with the tuning voltage from the circuit board side,
but the second electrodes 25 may be supplied with the tuming
voltage superimposed on the signal via the third electrode
28.

To recerve the frequency range, a total length of the
radiating conductors 22 is set to an electrical length reso-
nated with the lowest frequency (470 MHz), that 1s, V4A, and
in this condition, the total length 1s divided in six parts
corresponding to the radiating conductors 22a to 22f. In
addition, the capacitance value of each varactor diode 23 1s
changed 1n the range of from 2 pF to 22 pF by the tuning
voltage.

Since the antenna device having the above-mentioned
structure has one open end, the maximum electric field 1s
generated at the releasing end side. However, according to
an experiment, 1t 1s confirmed that as the capacitance value
of the varactor diode 23 becomes smaller, a location, at
which the electric field becomes the smallest, 1s moved to
the releasing end side. This aspect 1s shown 1n FIGS. 3 to 5.
FIG. 3 shows an aspect of the electric field generated in the
antenna device when the capacitance value of the varactor
diode 23 1s the greatest. In FIG. 3, a horizontal axis L 1s a
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length of the antenna device and i1s specifically a distance
from the location of the feeding end side varactor diode 23a
(shown as a feeding end P) to the location of the releasing
end side radiating conductor 22f (shown as a releasing end

Q). In addition, 1n this case, since the capacitance value of 5

the varactor diode 23 1s large, the impedance of the varactor
diode 23 becomes smaller with respect to each radiating
conductor 22. As a whole, the radiating conductors are
regard as one radiating conductor and the location at which
the electric field becomes the smallest 1s substantially
aligned with the feeding end P.

FIG. 4 shows an aspect of the electric field generated in
the antenna device when the capacitance value of the var-
actor diode 23 1s small. In FIG. 4, the location A at which the
clectric field becomes the smallest 1s moved to the releasing
end Q side. In addition, 1n this case, 1t 1s confirmed that the
clectric field 1s not generated between the feeding end P and
the location A at which the electric field becomes the
smallest. As a result, it 15 apprehended that the radiating
conductors 22 and the varactor diodes 23 located between
the releasing end Q and the location A at which the electric
field becomes the smallest serve as a line path of Y4A with
respect to the frequency at that time and the radiating
conductors 22 and the varactor diodes 23 between the
teeding end P and the location A at which the electric field
becomes the smallest serve as a simple optical transmission
path.

FIG. 5 shows an aspect of the electric field generated in
the antenna device when the capacitance value of the var-
actor diode 23 1s further small. In FIG. 5, the location A at
which the electric field becomes the smallest 1s further
moved to the releasing end Q side. In addition, also in this
case, 1t 15 confirmed that the electric field 1s not generated
between the feeding end P and the location A at which the
clectric field becomes the smallest. As a result, it 1s appre-
hended that the radiating conductors 22 and the varactor
diodes 23 located between the releasing end Q and the
location A at which the electric field becomes the smallest
serve as a line path of VaA with respect to the frequency at
that time and the radiating conductors 22 and the varactor
diodes 23 between the feeding end P and the location A at
which the electric field becomes the smallest serve as a
simple optical transmission path.

As described above, the location at which the electric field
becomes the smallest 1s further moved by the capacitance
value of the varactor diode, and the electric field between the
location at which the electric field becomes the smallest and
the location of the releasing end becomes the greatest at the
releasing end. In addition, since the electric field 1s not
generated at the locations from the location at which the
clectric field becomes the smallest to the feeding end, the
antenna device performs the same operation as a monopole
antenna.

What 1s claimed 1s:

1. An antenna device comprising:

an elongated base made of a dielectric matenal or a

magnetic material;
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a radiating conductor divided into a plurality of radiating
conductors wound around the base; and

a plurality of variable capacitive elements corresponding
in number to the plurality of the radiating conductors,

wherein the radiating conductors and the variable capaci-
tive elements are alternatively arranged on the base and
are coupled to each other 1n series,

the radiating conductor having one end coupled to the
variable capacitive element serves as an opening side
and the variable capacitive element having 1ts one end
connected to the radiating conductor being a signal
feeding side, and

wherein capacitance values of the variable capacitive
clements increase or decrease in the same direction.

2. The antenna device according to claim 1,
wherein the base has a prism shape, and

the vanable capacitive elements are disposed on the same
side of the base.

3. The antenna device according to claim 2,

wherein each variable capacitive element has a varactor
diode;
a first electrode serving as a ground, a second electrode to

which a tuning voltage 1s, appliable and a third elec-
trode for supplying a signal are disposed on a circum-

ferential portion of the same side of the base; and

an anode of the varactor diode 1s coupled to the first
electrode via a first resistor, a cathode of the varactor
diode 1s coupled to the second electrode via a second
resistor, the varactor diode has one end of 1ts feeding
side coupled to the radiating conductor while the other
end of the feeding side 1s coupled to the third electrode,
and the first and second resistors are disposed on the
same side of the base.

4. The antenna device according to claim 3,

wherein a matching circuit 1s disposed between the third
clectrode and the other end of the feeding side of the
varactor diode.

5. The antenna device according to claim 3,

wherein the anodes and cathodes of two the varactor
diodes are connected in common to the radiating con-
ductor, a central point of the radiating conductor con-
nected 1n common to the anodes 1s coupled to the first
clectrode via the first resistor, and a central point of the
radiating conductor connected 1n common to the cath-
odes 1s coupled to the second electrode via the second
resistor.

6. The antenna device according to claim 4,

wherein the matching circuit has the capacitive element
disposed on the same side of the base; and

the capacitive element 1s disposed between the first and
third electrodes.

7. The antenna device according to claim 1,
wherein the number of the radiating conductors 1s six.
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